at the senior author's institution. Demographic features, mechanism of injury, radiographs, and computed tomography scans were reviewed to determine the type and stability of the femoral implant at the time of injury. All Vancouver B1 fractures were treated with a novel technique that used a contoured distal femoral locking plate intended for the contralateral femur and reversed to accommodate the ipsilateral femoral bow and contour of the proximal femur. Fixation was achieved around the implant with percutaneously placed unicortical and/or bicortical screws. Radiographs were reviewed for fracture healing, malunion, implant failure, and prosthetic loosening. Fifteen patients were identified and underwent the procedure as described. One patient died soon after surgery of complications from a ruptured preexisting esophageal ulcer. Of the remaining 14 patients, the average duration of followup was 25 months (range, 6-31 months). Two patients did not achieve union; however, repeat interpretation of the presenting radiographs showed likely misdiagnosed Vancouver B2 fractures. The first patient had late aseptic loosening and underwent revision surgery 22 weeks postoperatively. The other had early loss of fixation that required revision with a long stem prosthesis. Other complications included 1 deep venous thrombosis and 2 superficial wound infections. The infections were successfully treated with a single formal irrigation and debridement, primary closure, and a short course of oral antibiotics. Ultimately, in 86% of patients (12/14), fracture healing occurred with this biologically friendly technique. [Orthopedics. 2015; 38(6):e467-e472.] The authors are from the
T he incidence of periprosthetic femur fractures has increased in response to the increase in life span of patients undergoing total hip arthroplasty. 1 Treatment options are varied, and complicating factors, such as patient age, comorbidities, and fracture complexity, are a challenge to the orthopedic surgeon. 2 Most of these fractures with unstable implants are treated with femoral stem revision. Vancouver B1 periprosthetic femoral fractures are described as fractures occurring around the stem tip in which the prosthesis is stable ( Table 1 ). In this subset of patients, when the femoral component is well fixed, open reduction and internal fixation is an acceptable mode of treatment. [2] [3] [4] [5] [6] Treatment options include Mennen plates (CMW Laboratories, Exeter, England), the Dall-Miles plate and cable system (Stryker Howmedica, Rutherford, New Jersey), dynamic compression plates, conventional plates, cerclage cables, locking compression plates, locking plates, and strut allografts with or without plating. 2, [4] [5] [6] [7] [8] [9] [10] [11] Although some of these techniques have shown good results, no single treatment has been shown to be superior. 2, [10] [11] [12] [13] [14] [15] [16] [17] Problems with these techniques include lack of proximal fixation, infection, nonunion, malunion, and loss of fixation, often requiring revision. 2, [7] [8] [9] 16 The distal femoral Less Invasive Stabilization System (LISS; Synthes, West Chester, Pennsylvania) was developed to allow minimally invasive insertion of the device to treat distal fractures of the femur. It allows smaller, more biologic incisions, minimal bone contact with an external jig to allow percutaneous placement of the plate, and a combination of locking and nonlocking screws. This locked plate technology offers a significant advantage over conventional plating in that locking screws allow unicortical fixation adjacent to the femoral implant without violating the implant-cement, implant-bone, or cement-bone interface. Another advantage of the contralateral reversed femoral LISS is that the precontour of the plate accurately coincides with the contour of the proximal femur. Most significantly, it allows multiple unicortical or bicortical locking screws into the greater trochanter. Many studies have shown reasonable success with the LISS in treating periprosthetic femur fractures. 11, 15, 18, 19 In a similar study, Ebraheim et al 15 reported encouraging results when treating this fracture type with large-incision open reduction and internal fixation using a reversed distal femoral locking plate. To the authors' knowledge, no reports have described percutaneous or minimally invasive treatment of this fracture type with this device used in this manner. This method of insertion, reduction, and fixation has the theoretical advantage of less surgical dissection and operative time, which could lead to decreases in the rate of infection, blood loss, and nonunion.
This study describes a novel technique for the minimally invasive treatment of Vancouver B1 periprosthetic femoral shaft fractures with a contralateral reversed distal femoral LISS plate.
Materials and Methods
This study was approved by the institutional review board and began with a review of the surgical database, medical charts, radiographs, and available This series included 7 men and 8 women. Preinjury implants consisted of 6 primary uncemented total hip arthroplasties, 3 primary cemented hemiarthroplasties, 4 primary uncemented hemiarthroplasties, 1 primary cemented total hip arthroplasty, and 1 revision cemented total hip arthroplasty ( Table 2 ). The fractures occurred in the right femur in 8 patients and in the left femur in 7 patients. The average age of the patients was 72 years (range, 60-88 years). All 15 patients presented with closed fractures as a result of a mechanical fall from standing height. Ten patients had multiple medical comorbidities on presentation. Fourteen patients were community ambulators. One was nonambulatory as a result of advanced Parkinson disease.
All patients in this series presented with a low-energy closed hip fracture that was categorized according to the Vancouver classification of periprosthetic femur fractures. Nine fractures occurred around the stem, and 6 occurred at or distal to the tip of the stem. The fracture pattern was long oblique in 9 patients, short oblique in 4 patients, and transverse in 2 patients. Average time from arthroplasty to fracture was 8 years (range, 1-16 years). All patients were admitted. A pillow was placed under the affected extremity for comfort. Standard trauma evaluation was performed to exclude associated injuries, medical consultation was obtained, and all patients were medically cleared before surgery. The average time from fracture to surgery was 1.3 days (range, 12 hours to 4 days). Minimally invasive techniques were used to perform all procedures. The stability of the prosthesis was assessed with preoperative radiographs and intraoperatively with fluoroscopy (Figure 1) . Fracture reduction was achieved with indirect reduction techniques using a fracture table in the supine position and confirmed with fluoroscopy in all patients. Fracture fixation was achieved by reversing a contralateral distal femoral LISS plate, placing it on the proximal femur of the injured extremity, and making multiple small incisions along the lateral thigh (Figure 2) . For 2 fractures, 9-hole plates were used; 13-hole plates were used for the remaining 13 fractures. Minimally invasive cerclage wiring was believed to benefit 3 of the 15 patients with long oblique fracture patterns. All other patients were treated with plate fixation alone. Bicortical locking screws were placed into the trochanter and into the femoral shaft distal to the tip of the prosthesis (Figure 3) . Unicortical locking screws were placed along the length of the stem. Average surgical time was 94 minutes (range, 58-148 minutes). Postoperatively, patients were foot flat weight bearing, with active and passive range of motion initiated on postoperative day 1. Full weight bearing was allowed once there was clinical and radiographic evidence of union.
Patients were followed up at 2 weeks, 6 weeks, 3 months, 6 months, and 12 months, and annually thereafter. The pri- mary endpoint for evaluation was radiographic and clinical fracture union (Figure 4) . Secondary endpoints included ambulatory status, malunion and delayed union, loosening of the prosthesis, infection, hardware failure, and refracture. Clinical union was defined as the ability to bear weight without pain, and radiographic union was defined as the resolution of fracture lucency or bridging callus on 3 of 4 cortices on anteroposterior and lateral films. Loosening was defined as radiolucency of greater than 2 mm around the femoral stem, subsidence of the implant, or pedestal formation.
results
Average duration of follow-up was 25 months (range, 6-31 months). One patient died soon after surgery as a result of complications of a ruptured preexisting esophageal ulcer that required admission to the intensive care unit. The patient had sepsis as a result of Clostridium difficile infection and toxic megacolon. Of the 14 patients with follow-up data, 2 did not achieve union. The first patient had loss of fixation within 2 weeks and required revision with a long stem prosthesis. Further review of initial radiographs showed a large medial butterfly fragment with likely stem loosening that was later classified as a Vancouver B2 fracture pattern. The other patient who did not achieve union was also misdiagnosed with a stable fracture and had aseptic loosening 22 weeks postoperatively. This patient was later classified as having a Vancouver B2 fracture pattern. The remaining 12 fractures Table 3) . At final follow-up, all remaining 11 previously ambulatory patients were ambulatory, although some required an assistive device.
Two patients had a superficial wound infection, and 1 had a symptomatic deep venous thrombosis. The 2 infections occurred within the first 7 days postoperatively and were successfully treated with irrigation, debridement, and antibiotics. The patients went on to achieve union without evidence of further infection. The patient with deep venous thrombosis was treated with a course of anticoagulation consisting of a therapeutic dose of enoxaparin while bridging to warfarin without further complications.
discussion
The current literature recommends operative fracture fixation and prosthesis retention for proximal femoral periprosthetic hip fractures adjacent to a stable stem; however, the optimal technique for treatment of this fracture type has not been elucidated. 1, 10, 17 Standard plating systems have been reported to have high complication rates, with modified plating systems, such as Dall-Miles cables and plates, achieving only satisfactory outcomes. 8, 20, 21 Favorable results were documented with cortical onlay strut allografts, with or without the use of plates, with a reported union rate of 98% and a complication rate of 9%. Advantages of strut allografts include increased bone stock and stability; however, a large surgical exposure is needed and periosteal stripping occurs on placement.
2,12,13 Reversed distal femoral locking plates were used previously in Vancouver B1 fractures with good results. Ebraheim et al 15 studied 13 patients with an average age of 77 years who had a lateral incision open technique and reported complete union in all patients at an average of 14 weeks, with complications similar to those reported in the current study. The technique described in the current study with LISS technology offers the advantages of smaller incisions, preservation of the surrounding soft tissue and fracture hematoma, decreased operative time, and increased precision of screw insertion with use of the jig.
The LISS plate has shown good results when used to treat extra-articular, intraarticular, and periprosthetic fractures of the distal femur. O'Toole et al 18 reported a union rate of 94.7% and a complication rate of 5.2% with hip and knee prostheses. 11, 19 The LISS plating system incorporates the putative advantages of locking plate technology and less invasive insertion techniques, including less surgical dissection, decreased periosteal stripping, maintenance of the residual vascular supply and fracture hematoma, lower infection rates, and decreased operative time and blood loss. The current study showed that Vancouver B1 periprosthetic femoral shaft fractures could reliably be treated with minimally invasive techniques and the LISS plating system.
Proximal femoral locking plates may also be used to treat this fracture type.
However, using the contralateral distal femoral LISS plate allows the surgeon to obtain multiple points of fixation around the trochanteric region of the femur. Bicortical and unicortical fixation may be achieved with periprosthetic locking screws, allowing fixation around the stem of the implant. Furthermore, the plate Table 3 Results
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Follow-up, average (range), mo 25 (6-31)
Time from fracture to surgery, average (range) 
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Copyright © SLACK inCorporAted n Feature Article maintains anatomic fit at all levels of the femur to include the anterior bow. The use of minimally invasive techniques protects the fracture environment and minimizes periosteal stripping, leading to an improved biologic environment for fracture healing. 22 The current study reported union in 12 patients as well as a low complication rate. In addition, on radiographic evaluation at final follow-up, 11 patients were ambulating, with or without an assistive device, with a stable prosthesis.
The 2 patients who had loss of fixation and early loosening were later classified as having an unstable prosthesis that was more consistent with a Vancouver B2 fracture pattern. Excluding these patients, this report showed a 100% union rate with the study technique in a true Vancouver B1 periprosthetic fracture pattern. With no clear definition of a stable prosthesis in periprosthetic proximal femur fractures, the classification often depends on the experience and knowledge of the treating surgeon. Theoretically, a metaphyseal fitting femoral prosthesis should be able to withstand a fracture through its diaphyseal component. However, a long oblique fracture pattern is particularly concerning for instability. Initial evaluation of these fractures is critical, and intraoperative live fluoroscopy should be considered before the fixation decision to ensure that the proximal stem remains rigid with manipulation. The current study showed that this technique cannot be broadened to include Vancouver B2 fracture patterns. Any doubt about the stability of the implant is a reason for alternative or supplemental fixation other than what has been proposed here.
Limitations
The major limitations of this study included the retrospective design, small sample size, lack of functional outcomes measured, and absence of a control group. However, the authors successfully showed that this technique produces stable fixation of Vancouver B1 periprosthetic fractures with consistent union and low complication rates.
conclusion
Contralateral reversed distal femoral LISS plating is a good option for definitive treatment of Vancouver B1 periprosthetic fractures, with 86% of patients showing union with a biologically friendly technique. This study showed that this technique can achieve encouraging rates of healing and can be considered a safe option for treating this subset of fractures. A prospective randomized trial is needed to establish the best treatment option for this type of fracture.
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